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In the title compound, C 38 H 37 N03, the pyran ring has an 
envelope conformation with the quaternary C q atom as the 
flap atom. The dihedral angle formed between the methoxy- 
phenyl group and the naphthalene ring system is 67.32 (6)°. 
The ethylamino groups lie to the same side of the plane 
through the phenyl ring and form dihedral angles of 84.6 (3) 
and 75.8 (2)° with it. 

Related literature 

For the synthesis and structures of photochromic benzo- and 
naphthopyrans, see: Kim et al. (2010, 2011); Do et at. (2011). 
For the synthesis and applications of organic photochromic 
and thermochromic dyes, see: Kumar et al. (1995); Crano & 
Guglielmetti (1999); Gabbutt et al. (2003, 2004); Gemert & 
Selvig (2000); Nelson et al. (2002). 




Experimental 

Crystal data 

C 38 H 37 N0 3 
M, = 555.69 
Triclinic, PI 
a = 11.0527 (3) A 
b = 11.6870 (3) A 
c = 12.2752 (3) A 
a = 102.104 (2)° 
/3 = 93.012 (2)° 



Data collection 

Bruker APEXII CCD 

diffractometer 
28232 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.064 

wR(F 2 ) = 0.181 

5 = 0.92 

7658 reflections 



Y = 95.929 (2)° 

V = 1537.58 (7) A 3 
Z = 2 

Mo Ka radiation 
fi = 0.08 mm -1 
T = 296 K 

0.20 x 0.18 x 0.07 mm 



7658 independent reflections 
2360 reflections with / > 2o(I) 
R inl = 0.091 



381 parameters 

H-atom parameters constrained 
Ap max = 0.17 e A~ 3 
A/J mi „ = -0.16 e A~ 3 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: TK2732). 
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A r ^V-Diethyl-4-[9-methoxy-6-(4-methoxyphenyl)-5-methyl-2-phenyl-2//-benzo[^]chromen-2- 
yl] aniline 

M.-H. Kim, H.-M. Park and C.-H. Kim 
Comment 

The synthesis and applications of the organic photochromic and thermochromic dyes has become of great interest (Kumar 
et at, 1995; Gemert & Selvig, 2000; Nelson et al, 2002; Gabbutt et at, 2003, 2004). For example, they may be useful 
as optical transmission materials for ophthalmic glasses and lenses. They also have potential use for optical storage of 
optical disks or memories (Crano & Guglielmetti, 1 999). In particular, benzo- and naphtho-pyrans have been commercialized 
as photochromic plastic sunglasses in the early 1990's. In our group, research has focused on the development of novel 
photochromic benzo- and naphtho-pyrans (Kim et al, 2010, 2011; Do et al, 2011). Herein, we report the crystal structure 
of A r ,A r -diethyl-4-(9-methoxy-6-(4-methoxyphenyl)-5-methyl-2-phenyl-2//- benzo[/i]chromene-2-yl)benzenamine (Fig. 1) 
as a new photochromic material. The -C2 — 01 — C12 — Cll — C4 — C3- pyran ring has an envelope conformation with the 
quaternary C2 atom out of the plane, the dihedral angle is 38.7 (2)°, C2— 01 is 1.456 (3) A and C2— C3 is 1.506 (3) A. 
The dihedral angle formed between the methoxyphenyl group and the naphthalen ring of the naphthopyran substituent is 
67.32 (6) °. The ethylamino groups of the diethylaminophenyl substituent form dihedral angles of 75.8 (2) and 84.6 (3) ° 
with the plane through the phenyl ring. 

Experimental 

A solution of 7-methoxy-4-(4-methoxyphenyl)-3-methylnaphthalen-l-ol (10 g, 0.04 mol) and l-(4-diethylaminophenyl)-l- 
phenylprop-2-yn-l-ol (11.18 g, 0.04 mol) in anhydrous toluene (500 ml) containing acidic alumina (32.6 g, 0.32 mol) was 
refluxed for 4 h. The cooled resulting solution was filtered and the alumina residue washed well with toluene. The organic 
layer was washed with aqueous NaOH and extracted with ethyl acetate (350 ml) and washed with water. The extracts were 
dried with anhydrous MgS04 and evaporated to give a crude orange oil. This was purified by silica gel column chromato- 
grapy using 10% ethyl acetate/15% toluene in hexane as eluent. The purified yellow oil was solidified on trituration with 
ethyl ether. The solid obtained was suction filtered, washed with ethyl ether and air dried (yield: 6.2 g, 28%). Single crystals 
were obtained by recrystallization from its ethyl acetate solution. 

Refinement 

Carbon-bound H-atoms were placed in their calculated positions (C-H = 0.93 to 0.97 A) and were included in the refinement 
in the riding model approximation with (7, so (H) = \ .2U eq {C) and 1.5t/ e q(methyl-C). 
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Figures 




Fig. 1. A view of molecule of the title compound showing the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 25% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 



iV,iV-Diethyl-4-[9-methoxy-6-(4-methoxyphenyl)-5-methyl-2-phenyl- 2H-benzo[/i]chromene-2-yl]aniline 



Crystal data 

C38H37NO3 
M,.= 555.69 
Triclinic, PI 
Hall symbol: -P 1 
a = 11.0527 (3) A 
6= 11.6870 (3) A 
c = 12.2752 (3) A 
a = 102.104 (2)° 
(3 = 93.012(2)° 
y = 95.929 (2)° 
V= 1537.58 (7) A 3 



Z = 2 

P(000) = 592 

D x = 1.200 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 1662 reflections 

6 = 2.4-18.2° 

|i = 0.08 mnT 1 

7=296K 

Block, silver 

0.20 x 0.18 x 0.07 mm 



Data collection 

Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

28232 measured reflections 

7658 independent reflections 



2360 reflections with I > 20(7) 
R mt = 0.091 

Omax = 28.5°, 0 m ; n = 1 .7° 
/!=-11^14 

£ = -11^15 
/ = 16-^16 



Refinement 
Refinement on F 
Least-squares matrix: full 



R[F 2 > 2a{F 2 )} = 0.064 



wR(F l ) = 0.181 

5 = 0.92 

7658 reflections 

381 parameters 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 0 2 ) + (0.0678P) 2 ] 
where P = (F 2 + 2F c 2 )/3 
(A/ 0 ) max < 0.001 

Ap m ax = 0.17eA~ 3 
Ap mi „ = -0.16eA~ 3 
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Extinction correction: SHELXL, 
0 restraints * , , , /4 

Fc =kFc[l+0.001xFcV/sin(29)]" 1/4 

Primary atom site location: structure-invariant direct „ . . _ . „„,,,w,^ 

xl j Extinction coefficient: 0.0110 (16) 

methods 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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V 

J 


z 




Ol 


0.82318 (17) 


0.35611 (16) 
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0.2008 (2) 


0.0554 (8) 


C3 
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Atomic displacement parameters (A 2 ) 














U u 


U 22 


U 




u 


U 


u 


01 


0.0663 (14) 


0.0527 (13) 


U.UoZo ( 


2 ) 


n nnc i ( i i \ 
— U.UUj 1 (1 1 ) 


A A 1 0*7 ( 1 A\ 

U.U15 / (1UJ 


A AAO A (\ AA 

U.UUo4 (1U) 


C2 


0.059 (2) 


0.052 (2) 


a act) I 
U.UjZZ { 


1) 


r\ r\r\A 1 (\ f>\ 


a a i cn ( i c\ 
U.U 1 J / (1 Jj 


A AATC /I /I A 

U.UU / J (14) 


C3 


0.074 (2) 


0.065 (2) 


a acci ( 


OA 


A C\C\1C\ (\ Q\ 
U.UU /U (,loJ 


A A 1 (LA (\f\ 
U.U 1 04 (loj 


a AA/^7 / 1 /;a 
U.UUO / (10) 


C4 


0.078 (2) 


0.061 (2) 


U.UjUZ ^ 


7A 


U.UUZ3 yi-o) 


u.u no ( loj 


A AA/1 A /I CA 

U.UU4V (1 J) 


C5 


0.063 (2) 


0.056 (2) 


A A/1 C> { 

U.U4oz \ 


7A 

1) 


U.UU1U (loj 


U.UUj / (1 jJ 


A AA/1 O /'I /I A 

U.UU4Z (14) 


C6 


0.0562 (19) 


0.053 (2) 


U.Uj46 ( 


7A 

1) 


A AA1 C M C\ 
— U.UUJJ (1 D) 


A AA 1 A M C\ 
U.UU1U (1 Jj 


A A 1 A/1 H C\ 

U.U1U4 (1 j) 


C7 


0.062 (2) 


0.063 (2) 


a a/;a (">\ 
u.uoy \Z 




A AA/iC /I £\ 

U.UUoj (,10J 


U.U 144 (1 1 ) 


A AAA 1 /I 7A 
U.UUV 1 (1 /) 


C8 


0.064 (2) 


0.068 (2) 


A A"70 {^\ 

u.u i<$ \z 




A A A I ? /■ 1 OA 

U.UU 1 J {lo) 


U.UZZ / (1 /J 


AA1C1 (\ OA 

U.UI J 1 (lo) 


C9 


0.065 (2) 


0.064 (2) 


U.UOU4 ( 


OA 

9) 


A AATA H 0\ 

U.UUZU {lo) 


A A 1 /^T 1 *7\ 

U.UloZ {V 1) 


A AACO /'I /^A 

U.UUjo (10) 


CIO 


0.066 (2) 


0.055 (2) 




OA 
8 ) 


A AAC/1 / 1 /T\ 

— U.UUj4 (loj 


AA1/11 /'l/^A 

U.U141 (lo) 


A AA Q A / 1 /T\ 

u.uuoy (io) 


Cll 


0.059 (2) 


0.055 (2) 


a ac 1 f. ( 
U.Uj Id { 


7A 


A AATO /I /C^ 

U.UUZo (loj 


U.UUOZ (1 D) 


A A1 AC /I CA 

U.UIUj (1 j) 


C12 


0.063 (2) 


0.0472 (19) 


A AC1"7 { 
U.Uj.3 / ( 


7A 

1) 


A AA 1 *7 ( 1 £\ 

— U.UU1 / (Id) 


A AAO/1 (\ Z.\ 

U.UUZ4 (1 d) 


A AA QA /I CA 

U.UUoy (1 j) 


C13 


0.056 (2) 


0.056 (2) 


A AC/1/1 { 

U.UJ44 \ 


7A 

1) 


A AA 1 /C /I f.\ 

U.UUlO (loj 


A AA C C / 1 C\ 

U.UUjj (1 D) 


a ai aa /i cA 
U.UI J J (1 j) 


C14 


0.0537 (19) 


0.053 (2) 


A ACCI ( 


7A 


A AAQI (\ C\ 

U.UU33 (1 


U.UU /0 (1 jJ 


A AA7A (\ CA 

U.UU /U (1 j) 


C15 


0.061 (2) 


0.052 (2) 


A ACT 1 / 

U.UjJI { 


7A 

1) 


A AA n n o\ 

U.UU1 / {lo) 


A A 1 AO (\ C\ 

U.U1U5 (1 D) 


A A 1 AA ^1 /I A 

u.uiuy (14) 


C16 


0.060 (2) 


0.062 (2) 


a acq/: / 


OA 


U.UU D4 ^ 1 


A AA/1 A /I C\ 

U.UU4U ( 1 Jj 


A AATC (\ ^A 

U.UUZj (1 j) 


C17 


0.066 (2) 


0.057 (2) 


a a/;aq ( 

u.uouy { 


OA 


A AAQA Q\ 

u.uuyu {lo) 


A AA1 C /I /C^ 

U.UUjj (10J 


A AA07 / 1 CA 

U.UU5 / (1 J) 


C18 


0.067 (2) 


0.047 (2) 


A ACCI ( 

U.UjM { 


i) 


A AAAQ /I Q\ 

U.UUUV yiy) 


A A i zzz: /I c\ 
U.U100 (1 D) 


U.UI 1Z (14) 


C19 


0.062 (2) 


0.056 (2) 


A 1 AA fO 1 * 

U.1UU \L 




A AA 1 (\ Ci\ 

U.UUlo \ Vy) 


A AO 1 A M 0\ 

u.uziy {io) 


A A1 00 /'I OA 

U.Uloo (lo) 


C20 


0.060 (2) 


0.055 (2) 


A AO/; 

u.uyo \z 




U.UULO {lo) 


A A 1 0/^ /■ 1 OA 

U.UloO (lo) 


A A1 CC (\ 7A 
U.UI J J (1 /) 


N21 


0.073 (2) 


0.0515 (17) 


A A"7AA ( 

u.u /uy ( 




A AA/1 O /'I £\ 

U.UU4Z (loj 


AA11A^1/1A 

U.U1 IV (14j 


A A1 O (\ 1A 
U.UI JZ (13) 


C22 


0.095 (3) 


0.058 (2) 


A A7C fy\ 
U.U / J \Z 




A AA*7 f>\ 

U.UU / (,ZJ 


A AA7/1 / 1 A A 

u.uu /4 (iyj 


A A 1 AO H 7A 

u.uiyo (i /) 


C23 


0.098 (3) 


0.085 (3) 


A AOI d\ 

U.U&3 \L 




A A1 *7 /">\ 
U.U1 / (Zj 


A A 1 1 /">A 

U.U1 1 (Z J 


A AA1 C /'I AA 

U.UUjj (iy) 


C24 


0.085 (3) 


0.056 (2) 


A AO A {1\ 

u.usy (i 




— U.UUjj (loj 


A A 1 0 /"> A 

U.Ulo (Z J 


AA171 /'I OA 

U.UI / I (lo) 


C25 


0.085 (3) 


0.104 (3) 


A AAO i1\ 

u.uys (i 




A AAQ /")\ 

— U.UU3 (Z) 


A AAT /TA 

U.UU3 (Z J 


A AT) /OA 

U.UZZ (Z) 


C26 


0.068 (2) 


0.0423 (18) 






A AAQQ /^l £\ 

U.UU3V 


A AA 1/1 / 1 ^A 

U.UU14 {If) 


A AA/C /C /I CA 

U.UUOO (1 j) 


C27 


0.097 (3) 


0.076 (2) 


U.U04 \L 




A AA C /")\ 

U.UUj (ZJ 


A AAA /OA 

U.UUU (Z ) 


A Ai CO /'I QA 

u.ui jo (iy) 


C28 


0.134 (4) 


0.095 (3) 


A AO 1 CX\ 




A AAT fl\ 

U.UU3 {d ) 


A A 1 1 /"3A 

U.U1 1 (J ) 


A A"l A /^A 

U.UZU (Z) 


C29 


0.132 (4) 


0.072 (3) 


A 11/1 (A \ 
U. 1 14 ^4_ 




A AA/1 /"J\ 

U.UU4 (3 J 


A A17 /1A 

U.Uj / ( j J 


A ATA /QA 

U.UjU (j ) 


C30 


0.097 (3) 


0.059 (2) 


a i o /; (a \ 
U.lZD (4 




A AAA 

u.uuy (zj 


A A 1 O fT\ 

U.U15 (j ) 


A AI A {">\ 

U.U14 (Z) 


C31 


0.083 (3) 


0.054 (2) 


A AAA Cy\ 

u.uyu \L 




u.uuo4 \ Ly) 


A AAQ /"JA 

U.UUj (Z J 


A AA/C/C /I OA 

U.UUOO (1 o) 


C32 


0.092 (2) 


0.067 (2) 


A AC A"7 / 

u.ujy/ { 


OA 


A AAA Q /I Q\ 

U.UUUo {i-o) 


A A 1 1 /C /I 7A 

U.U1 10 (1 /J 


a nnT) / 1 /;a 
U.UUZZ (10) 


C33 


0.059 (2) 


0.052 (2) 


A AC7C ( 

U.Uj Ij\ 


OA 


A AAAT /I /i\ 

U.UUUZ (loj 


A AA/1Q (\ CA 

U.UU4J (1 jJ 


a ai AO n /;a 
U.U1UO (10) 


C34 


0.066 (2) 


0.063 (2) 


ft 1 /I 

U.Uoll { 


OA 


A AAA/1 1 *7\ 

— U.UUV4 (1 1) 


A AA 10 M C\ 
U.UUlO (1 Jj 


A AAAT (\ 7A 

u.uuyz (i /) 


C35 


0.084 (2) 


0.065 (2) 


U.Uo / \L 




a nncc / 1 a\ 
— U.UUjj 


AAIIA/'IOA 

u.ui iy (io) 


A A1 00 (\ 7A 

U.Uloo (1 /) 


C36 


0.063 (2) 


0.054 (2) 


A ATI t~)\ 
U.U 15 \L 




A AA/1 O M 0\ 

— U.UU45 {lo) 


AA1^1 /'lOA 

U.UIjI {lo) 


A AA/^T /'I OA 

U.UUOZ (lo) 


C37 


0.080 (2) 


0.065 (2) 


0.076 (2 




-U.UU7 (2) 


A A 1 A A 

-0.0109 (18) 


A AA*71 /1 fl\ 

0.0072 (19) 


C38 


0.079 (2) 


0.059 (2) 


0.078 (2) 




-0.0061 (18) 


-0.0090 (18) 


0.0115 (17) 


039 


0.0922(17) 


0.0628 (16) 


0.0942 ( 


6) 


-0.0195 (13) 


0.0114(13) 


0.0068 (12) 


C40 


0.093 (3) 


0.077 (3) 


0.107 (3) 




-0.024 (2) 


0.010(2) 


-0.012 (2) 


041 


0.0940(17) 


0.0751 (16) 


0.0749 ( 


4) 


-0.0036 (13) 


0.0343 (12) 


0.0015(12) 


C42 


0.108 (3) 


0.078 (3) 


0.086 (2) 




-0.019 (2) 


0.023 (2) 


-0.0117(19) 
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Geometric parameters (A, °) 




Ol— C12 


1.373 (3) 


Ol— C2 


1.456 (3) 


C2— C3 


1.506 (3) 


C2— C15 


1.518(4) 


C2— C26 


1.521 (4) 


C3— C4 


1.325 (3) 


C3 — H3A 


0.9300 


C4— Cll 


1.464 (4) 


C4— H4A 


0.9300 


C5— C6 


1.383 (3) 


C5— Cll 


1.424 (4) 


C5— C32 


1.523 (3) 


C6— C13 


1.437 (3) 


C6— C33 


1.486 (4) 


C7— C8 


1.360 (4) 


C7— C13 


1.414 (3) 


C7 — H7A 


0.9300 


C8— C9 


1.409 (4) 


C8— H8A 


0.9300 


C9— CIO 


1.357 (3) 


C9— 041 


1.371 (3) 


CIO— C14 


1.410(3) 


CIO— H10A 


0.9300 


Cll— C12 


1.369 (3) 


C12— C14 


1.418(3) 


C13— C14 


1.416(3) 


CI 5— C20 


1.377 (4) 


C15— C16 


1.377 (4) 


C16— C17 


1.388 (4) 


CI 6— H16A 


0.9300 


C17— C18 


1.389 (4) 


C17— H17A 


0.9300 


CI 8— N21 


1.388 (3) 


C18— C19 


1.390 (4) 


CI 9— C20 


1.374 (4) 


C19— H19A 


0.9300 


C20— H20A 


0.9300 


N21— C24 


1.452 (4) 


N21— C22 


1.462 (3) 


C22— C23 


1.501 (4) 


C22— H22A 


0.9700 


C22— H22B 


0.9700 


C12— Ol— C2 


115.6 (2) 


Ol— C2— C3 


107.5 (2) 


Ol— C2— C15 


105.6 (2) 


C3— C2— CI 5 


111.6 (2) 
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C23 — H23A 


0.9600 


C23 — H23B 


0.9600 


C23 — H23C 


0.9600 


C24 — C25 


1.518 (4) 


C24 — H24A 


0.9700 


C24 — H24B 


0.9700 


C25 — H25A 


0.9600 


C25 — H25B 


0.9600 


C25 — H25C 


0.9600 


C26 — C27 


1.385 (4) 


C26 — C31 


1 .390 (4) 


C27 — C28 


1.376 (5) 


C27 — H27A 


0.9300 


C28 — C29 


1.377 (5) 


C28 — H28A 


0.9300 


C29 — C30 


1.371 (5) 


C29 — H29A 


0.9300 


C30 — C31 


1.389 (4) 


C30 — H30A 


0.9300 


C31 — H31A 


0.9300 


C32 — H32A 


0.9600 


C32 — H32B 


0.9600 


C32— H32C 


0.9600 


C33— C38 


1.382 (4) 


C33 — C34 


1.388 (4) 


C34 — C35 


1.386 (4) 


C34 — H34A 


0.9300 


C35 — C36 


1.386 (4) 


C35 — H35A 


0.9300 


C36 — C37 


1.362 (4) 


C36 — 039 


1.371 (3) 


C37 — C38 


1.383 (4) 


C37 — H37A 


0.9300 


C38— H38A 


0.9300 


039— C40 


1.431 (3) 


C40— H40A 


0.9600 


C40— H40B 


0.9600 


C40— H40C 


0.9600 


041— C42 


1.429 (3) 


C42— H42A 


0.9600 


C42— H42B 


0.9600 


C42— H42C 


0.9600 


H23A— C23— H23B 


109.5 


C22— C23— H23C 


109.5 


H23A— C23— H23C 


109.5 


H23B— C23— H23C 


109.5 
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p.1 pi pi/: 
Ul — C2 — C2o 


1 no i /i \ 
100.2 (2) 


pi pi pi/: 
Co — C2 — C2o 


111/1 

11 0.4 (2) 


P1 c Pi pi/: 
C 1 5 — C2 — C2o 


1 1 n 1 /"1 \ 
11U.1 (2) 


P/1 PI PI 

C4 — C3 — C2 


nn 1 /i \ 

120.1 (3) 


P/1 PI HI A 

C4 — Co — Hi A 


1 1 n n 

ny.y 


pi pi ui a 
C2 — Co — HoA 


1 1 n n 

ny.y 


Co — C4 — C 1 1 


1 in 1 
120.0 (i ) 


pi p/i TT/1 A 

Co — C4 — rl4A 


1 1 Q Q 

ny.o 


CI 1 — C4 — H4A 


1 1 n o 

ny.o 


p/: pc n i 
CO — CD — C 1 1 


1 i/i 1 /i\ 
120.1 (2) 


p/: pc pn 
Co — CD — Co2 


111 1 /"3 \ 

121.3 (0) 


pi 1 PC PIT 

CI 1 — CD — Co2 


1 1 o /; pi\ 
llo.O (i) 


pc p/: pit 
CD — Co — C 1 0 


1 1 n i pi\ 
liy.o (i) 


PC P£ P11 

CD — CO — Coo 


n 1 n /i \ 
121 .y (o j 


pi 1 p/r PII 

C 1 o — Co — Coo 


1 1 o o /1\ 

llo.O (2) 


PO P"7 P 1 1 

Co — C / — C 1 o 


111 £. /I \ 

121.0 (i) 


po p"7 in a 
Co — C / — H / A 


1 1 n i 

ny.2 


p 1 1 p~7 in a 
C 1 o — C / — H / A 


1 1 n i 

i iy.2 


p-7 po PQ 

c / — Co — cy 


12U.y (o ) 


PI PO UO A 

C / — Co — HoA 


1 1 n /: 

ny.o 


pn po uo a 
CV — Co — HoA 


1 1 n <c 

ny.o 


pin pn nyi i 
C 1 U — Cy — U4 1 


12D.0 (0) 


pin r^o r*Q 

c i o — cy — Co 


HQ Q n\ 

i iy.y (i ) 


r\A 1 pn po 

U4 1 — cy — Co 


11/1 O P]\ 

1 14.0 (i) 


pn pin p i a 
cy — C 1 0 — C 1 4 


1 1 n o n\ 

ny.o (o) 


pn p 1 n tt 1 n a 
cy — C 1 0 — ti 1 OA 


i in i 
120.1 


pi/1 pin u 1 n a 
C14 — CIO — H10A 


1 in 1 
120.1 


pn pii pc 
C12 — CI 1 — CD 


1 1 n n 

ny.y (o) 


pn pii p/i 
C12 — CI 1 — C4 


11C 1 /"3 \ 

11D. / (o) 


PC P 1 1 P/1 

CD — Cll — C4 


124.0 (0) 


P11 pn p.1 
CI 1 — C12 — Ul 


111 c PJ\ 

121. D (0) 


P11 pn pu 
CI 1 — C12 — C14 


111 c /I \ 

122. D (0) 


p.1 pn pi/1 
(J 1 — C 1 2 — C 1 4 


1 1 c o /1\ 

11D.0 (2) 


P"7 P 1 1 PII 

C/ — Clo — C14 


1 1 / a n\ 
110.4 (0) 


p~7 p 1 1 p/: 
C/ — Clo — Co 


in i pi\ 
122. / (3) 


P1 a pi i p/: 
C14 Clo — CO 


1 in n /i \ 
12U.y (o j 


pm pi/i pn 
CIO — C14 — Clo 


111 /i /"i \ 
121 A (i) 


pi n a rn 
ClU — C14 — C12 


111 /I 

121 A (i ) 


pn pi/i pn 
Clo — C14 — C12 


111 1 /"3 \ 

1 1 /.2 (5) 


P1A P 1 C Pii 

C2U — C 1 D — C 1 0 


11/: /I 

110.4 (i) 


pin p 1 c r^i 
C2U — C 1 D — C2 


1 in /i ^ i~\ 
12U.4 (i ) 


pi/ P 1 c pi 
Clo — C1D — C2 


in i pi\ 
12o.o (o) 


pic pii: pn 
C1D — Clo — CI / 


111 n \ 
121.y (0) 


P1C P1 £ IJ1/ t 

C1D — Clo — HloA 


119.0 


C17— C16— H16A 


119.0 


C16— C17— C18 


121.3 (3) 


C16— C17— H17A 


119.4 


C18— C17— H17A 


119.4 


N21— C18— C17 


123.1 (3) 



Nz 1 — CZ4 — C2j 


11/1/1 /i\ 
114.4 (2) 


JNZ1 — CZ4 — hlZ4A 


1 no "7 
lOo. / 


CZj — CZ4 — hlZ4A 


1 no "7 
lOo. / 


JNZ1 — CZ4 — hlZ4r> 


1 no "7 
100. / 


CZj — CZ4 — hlZ4r> 


1 no "7 
100. / 


hlZ 4 A — C Z 4 — HI 4r> 


1 n"7 /; 
10/. 0 


CZ4 — CZj — HZjA 


1 nn c 
109. D 


CZ4 — CZj — rlZjr> 


1 no c 

loy.D 


TJTC A PTC I I ") C D 

HZjA — CZj — JtIZjB 


1 nn c 

loy.D 


CZ4 — CZj — HZjC 


1 nn c 

loy.D 


HZjA — CZj — HZjC 


1 nn c 

loy.D 


JtIZjB — CZj — HZjC 


1 nn c 

loy.D 


CZ / — CZo — Co 1 


in/ /"i \ 
11 1.0 (i) 


CZ / — CZo — cz 


1 in n \ 
120.0 (0) 


1 — CZo — cz 


1 11 1 /"3 \ 

122.1 (i) 


nao pn pi/: 
CZo — CZ / — CZo 


111 C //I \ 

121. D (4) 


POO pn I I "> "7 a 

CZo — CZ / — hlZ / A 


1 1 n i 

ny.o 


t~T~i/z pn i m a 
CZo — CZ / — HZ / A 


1 1 n i 

ny.o 


pn pio pin 
CZ / — CZo — CZy 


1 in n i a \ 
120.0 (4) 


pn P1Q i no a 

CZ / — CZo — hlZoA 


1 in n 
120.0 


pin pto l no a 
CZV — CZo — hlZoA 


1 in n 
120.0 


pm pin poo 
C3U — CZy — CZo 


1 in n l a \ 
120.0 (4) 


C3U — czy — hizyA 


1 in n 
120.0 


POO pOpi TTIfl A 

czo — czy — hizyA 


1 in n 
120.0 


/^in pin pii 

czy — c ju — Co i 


1 1 n o //i \ 

ny.o (4) 


Pin Pin Tnn a 

Czy — C3U — H3UA 


1 in 1 
120.1 


pi 1 pm mn a 
C31 — C3U — hl3UA 


i in 1 
120.1 


f 1 1 pi/: 

C3U — C3 1 — CZo 


111 1 
121.1 (5) 


popi pq i i n i a 
C3U — C31 — hl31A 


1 1 n c 

ny.D 


Pl/T PQ 1 TTQ 1 A 

CZo — C3 1 — H3 1 A 


1 1 n c 

ny.D 


pr PIT TTQ 1 A 

C j — C3 Z — H 3 Z A 


1 nn c 

loy.D 


pr PIT I m D 

CD — C 3 Z — hi 3 Zr> 


1 nn c 

loy.D 


T_n i a pq t in "t~D 
H 3 Z A — C 3 Z — hi 3 Zr> 


1 nn c 

loy.D 


( • z pq--) unp 
CD — C 3 Z — hi 3 ZC 


1 no c 

loy.D 


un a pit i n -> p 
hl3ZA — C3Z — hl3ZC 


1 nn c 

loy.D 


1 1 "j -> i) pqt i n ~> p 
hl3Zr> — C3Z — hl3ZC 


1 nn c 

loy.D 


pqo pn pq /i 
C3o — C33 — C34 


1 1 /: a li\ 
110.4 (i) 


pqo pia p/: 
C3o — C33 — Co 


1 11 Q 

122.0 (i ) 


PI/1 pq q p/r 

C34 — C 3 3 — C o 


1 in "7 ii \ 
120. / (i) 


pif PI/1 PQ Q 

C3D — C34 — C33 


111 i pj\ 
121./ (0) 


pif PI/1 TTQ A A 

C3D — C34 — hl34A 


i i n i 

i iy.2 


P Q Q P Q /I 1 I Q 1 A 

C33 — C34 — hl34A 


1 1 n i 

i iy.2 


p q /; PQC PI/1 

C3o — C3j — C34 


1 in n \ 
120.0 (o) 


PTZZ PTC HTf A 

C3o — C35 — H35A 


120.0 


C34— C35— H35A 


120.0 


C37— C36— 039 


125.6 (3) 


C37— C36— C35 


119.4 (3) 


039— C36— C35 


115.0 (3) 


C36— C37— C38 


119.9 (3) 



sup-7 



supplementary materials 



Nzl — Clo — Ciy 


1 on i (i \ 
lzU.3 (3) 


pin nio pin 

ci / — cio — ciy 


110.0 (3) 


f")A fin pio 

czu — c i y — c i o 


Izl.Z (3) 


nn fin uiriA 

czu — c i y — ri i y a 


i iy.4 


ni o rin u 1 n a 

cio — ciy — hiiyA 


1 1 n a 

i iy.4 


c i y — czu — c i j 


1 11 *7 /"3\ 

1ZZ. / (3 J 


C 1 y — CzU — hlzUA 


1 1 O *7 

llo. / 


pi c pin uon a 
CI J — CzU — hlzUA 


1 1 O *7 

llo. / 


PI o XT 11 PI A 

Clo — JNzl — Cz4 


1 in 1 
IzU.l (3) 


pi o \th POO 

Clo — Nzl — Czz 


1 in £ ^ 

120.6 (3) 


pi /i \ni poo 

Cz4 — Nzl — Czz 


in i pt\ 
117.2 (2) 


mi 1 poo pn 

Nzl — Czz — C23 


1 1 C A \ 

115.4 (3) 


\T01 POO 1 m A 

Nil — CzZ — hlZZ A 


1 no /i 
100.4 




1 (18 4 


N21 — C22 — H22B 


108.4 


C23 — C22 — H22B 


108.4 


H22A — C22 — H22B 


107.5 


C22 — C23 — H23A 


109.5 


C22 — C23 — H23B 


109.5 


p, i p "i pi 
CI 2 — Ul — C2 — C3 


AC\ 1 S1\ 

4y. / (3) 


p, 1 p^> pu 
CI 2 — Ul — C2 — CI J 


1 £c\ n /o\ 

loy.u (z) 


pn p, 1 p^ pt/; 

C 1 2 — U 1 — C2 — C2 0 


HI 1 

— /3.1 (3) 


p.1 p^ pi f^A 
U 1 — C2 — C 3 — C4 


1 A Z f A \ 

-34. j (4) 


pi c n pi p/i 
C 1 5 — C2 — C 3 — C4 


i /in n /"ia 
~14y.y (3) 


pi/: n pi p/i 
C2 0 — C2 — C 3 — C4 


oc n 
OO.U (3) 


n pi pyi n i 
C2 — C3 — C4 — C 1 1 


1 1 //|\ 

2.7 (4) 


pi 1 PC p/r PI "J 

C 1 1 — CD — Co — C 1 3 


") 1 {A\ 

2.3 (4) 


pn pc p/; P1"5 
C32 — C5 — Co — CI 3 


1 in £ fi\ 
— 1 /y.O (3) 


pi 1 pc p/; pn 
CI 1 — C5 — Co — C33 


1 "7*7 £. S1\ 
-1 / /.0 (3) 


P"n pc p/; pn 
C32 — CD — Co — C33 


0.5 (4) 


r**! 1 P"7 PO PQ 

c i o — c / — Co — cy 


1 1 /C\ 

1.1 (5) 


p~7 po pn pin 

c / — cs — cy — c i o 


n /; (C\ 
U.O (DJ 


p~7 po pn p./t 1 

c / — Co — cy — U4 1 


—1 /o.o (3) 


r\A 1 pn pin pu 

U4 1 — cy — C 1 0 — C 1 4 


1 lO A /"3\ 

1 /o.U (3) 


po pn pin p i a 

Co — cy — C 1 0 — C 1 4 


-1.0 (4) 


p/; pc P11 pn 
Co — C J — C 1 1 — C 1 2 


n i (a \ 

-0.3 (4) 


pit pc P11 pn 
C32 — C5 — Cll — C12 


—1 /o.j (3) 


p/; pc p 1 1 p^i 
Co — CD — C 1 1 — C4 


— 1 /o. / (3) 


pn pc P11 p^i 
C32 — C5 — Cll — C4 


C 1 //IN 

5.1 (4) 


pi p^i P11 pn 
C3 — C4 — C 1 1 — C 1 2 


10. o (4) 


PI P/1 P 1 1 PC 

C3 — C4 — C 1 1 — C5 


1 ££ £L (1\ 

-loo.o (3) 


pc P11 pn p.1 
C5 — Cll — C12 — Ul 


1 HH 1 /1\ 

—1 / 1.1 yl) 


p^i P11 pn p.1 
C4 — Cll — C12 — Ul 


-0.5 (4) 


pc P11 pn pi/i 
CD — Cll — C12 — C14 


1 C f A\ 

-1.5 (4) 


C4— Cll— C12— C14 


175.2 (3) 


C2— Ul— C12— Cll 


-34.8 (4) 


C2— Ul— C12— C14 


149.2 (2) 


C8— C7— CI 3— C14 


-2.3 (4) 


C8— C7— CI 3— C6 


177.3 (3) 



PT/T PT7 TJT7A 

C3o — C3 / — hl3 /A 


1 on n 
12U.U 


PTO pn -7 TJT7A 

C3o — C3 / — hl3 /A 


1 on n 
IzU.U 


pi 1 PQO PQ 1 

C33 — C3o — C3 / 


1 OO £ 

1ZZ.0 (3) 


pil PIO TJI O A 

C33 — C3o — hl3oA 


1 1 O *7 

llo. / 


pn PIO TTQ O A 

C3 / — C3o — hl3oA 


1 1 O *7 

llo./ 


pt/t p.m p /i n 
C3o — U3 y — C4U 


1 1 a o (i\ 
110. o (3) 


Pita p/in u/in a 
U 3 y — C4 U — hl4 U A 


1 nn a 

iuy.!> 


n-i(i f /in 1 11 
U 3 y — C 4 U — hl4 Ur> 


1 no ^ 

iuy.3 


u/in a f /in u/ino 
hl4 U A — C 4 U — hl4 Ur> 


1 nn a 

iuy.!> 


nin p /i a it /i np 
U 3 y — C 4 U — hl4 UC 


1 nn z 

iuy.D 


t t /i n a P/in TT/inp 
H4UA — C4U — H4UC 


1 nn c 

iuy.5 


u/ino f /in tt/1 np 
hl4Ur> — C4U — hl4UC 


1 nn z 

iuy.j 


pn p./i 1 p/i i 
Cy — <J4 1 — C4Z 


mn /o\ 
11 /.U (z) 




1 HQ S 

1 \Jy . J 


U41 — C42 — H42B 


109.5 


H42A — C42 — H42B 


109.5 


C41 — C42 — H42C 


109.5 


H42A — C42 — H42C 


109.5 


H42B — C42 — H42C 


109.5 


fin pi c pu pn 
CzU — C 1 J — C 1 0 — C 1 / 


n o ( a\ 
—U.O (4) 


fl PI C p| / P1*7 

Cz — C 1 j — C 1 o — C 1 / 


1 in o /o\ 

1 /y.o (Z) 


pi r pu pn pi o 
CI j — Clo — CI / — Clo 


n /i //i\ 
-U.4 (4) 


PU pn PIO "\T1 1 

Clo — CI / — Clo — Nzl 


i in /o\ 

i /y.o (Z) 


pu pn pi o pin 

cio — ci / — cio — ciy 


1 O //1\ 

1 .2 (4) 


xti 1 pi o pm pin 
Nzl — C 1 o — C 1 y — CzU 


1 in c /o\ 
— 1 /y.D (3) 


pn pio fin fin 

ci / — cio — ciy — czu 


1 n /"/i\ 

-1.0 (4) 


f 1 o f 1 n fin pk 

c i o — c i y — CzU — C 1 J 


n i 

-0.1 (5) 


pu pk fin f 1 n 

c i o — c i j — czu — c i y 


1 n //i\ 

1.0 (4) 


( '1 pi r fin f 1 Q 

cz — c i j — czu — c i y 


1 *7n ^ 

—i /y. j (3 J 


pn f 1 o xti 1 f i/i 
C 1 / — C 1 o — N Z 1 — Cz4 


1 £i n /i\ 
lo3.U (3) 


f 1 n f 1 O "N.T1 1 f 1/1 

C 1 y — C 1 0 — N Z 1 — Cz4 


i o /; fA \ 
-lo.O (4) 


pn f 1 o xti 1 pn 
C I / — C I o — N Z I — CzZ 


n 1 sa\ 

0.1 (4) 


Pin pio xti 1 fii 
C 1 y — C 1 o — N z 1 — Czz 


1 lO /I {1 \ 

1 /o.4 (3) 


f 1 O XT1 1 f 11 f 11 

C 1 o — N Z 1 — CzZ — Cz3 


o/i /; n\ 
o4.0 (3) 


fl/1 XT1 1 fii fii 

Cz4 — Nzl — Czz — Cz3 


io O (1\ 

-/o.o (3) 


PI o XT1 1 fl/1 fIC 

C 1 o — N Z 1 — Cz4 — Cz j 


— Oj.o (4) 


fii "\T1 1 fl/1 fIC 

Czz — Nzl — Cz4 — CzD 


y /.o (3) 


f.1 f 1 po/: pi -7 

Ul — Cz — CzO — Cz / 


-3o.D (3) 


f i f i po/; pi -7 
C3 — Cz — CzO — Cz / 


1 ci /; 
-Id /.0 (3) 


PK pi P1/T PI -7 

CI j — Cz — Czo — Cz / 


/O.D (3) 


f.1 po po/; ci 1 
<J 1 — Cz — Cz 0 — C3 1 


1/110 

14/. 3 (Z) 


pi pi po/; p-> i 

C3 — Cz — CzO — C3 1 


1Q 1 //1\ 

Zo.Z (4 ) 


pk fo po/; pi i 
C 1 j — Cz — CzO — C3 1 


ni i 

-97.7 (3) 


PT1 POZZ PO*7 POO 

C31 — C2o — C27 — C28 


n 1 /c\ 

0.1 (5) 


C2— C26— C27— C28 


-174.4 (3) 


C26— C27— C28— C29 


0.9 (5) 


C27— C28— C29— C30 


-0.1 (6) 


C28— C29— C30— C31 


-1.7 (6) 


C29— C30— C31— C26 


2.7 (5) 
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rc r/: n i r~7 
C5 — Co — C 1 3 — C / 


1 "7*7 O (1 \ 
1 / /.O \5>) 


C33 — CD — C13 — C/ 


1 1 ( A\ 

-2.3 (4) 


CD — CO — C 1 3 — C 1 4 


0 £. fA\ 

-2.6 (4) 


C33 — Co — CI 3 — C14 


177.3 (3) 


CV — C 1 U — C 1 4 — C 1 3 


-0.2 (4) 


pin 

cy — C 1 U — C 1 4 — C 1 2 


—1 /o.o (3) 


C/ — C13 — C14 — C1U 


1.8 (4) 


p^ rn nn 
Co — C 1 3 — C 1 4 — C 1 U 


_ 1 / / .<$ (3 ) 


C/ — CI 3 — C14 — C12 


1 *7A C 

—i /y.j (3) 


r/; rn pij rn 
Co — C 1 3 — C 1 4 — C 1 2 


a q (a \ 
U.5 (4) 


ni rn pu nn 
CI 1 — C12 — C14 — CIO 


1 /y.y (3) 


r.1 rn ri/l nA 
(J 1 — C 1 2 — C 1 4 C 1 U 


-4.2 (4) 


ni rn ru rii 
CI 1 — C12 — C14 — CI 3 


1.2 (4) 


r.1 rn ru rn 
(J 1 — C 1 2 — C 1 4 C 1 3 


1 / / .I (2) 


r.1 r^ ri c rin 

0 1 — C2 — C 1 5 — C20 


159.1 (2) 


C3— C2— CI 5— C20 


-84.4 (3) 


C26— C2— CI 5— C20 


42.5 (3) 


Ol— C2— CI 5— C16 


-21.5 (3) 


C3— C2— CI 5— C16 


95.1 (3) 


C26— C2— CI 5— C16 


-138.1 (3) 



rn rii ri 1 nn 
C2 / — C26 — C3 1 — C3U 


1 A ( A\ 

-1.9 (4) 


n rii rn ri/i 
C2 — C26 — Co 1 — C3U 


1 11A (3) 


rc r/: rn rio 
C5 — Co — C33 — C38 


-oo.U (4) 


rn p^ til r^iQ 
C 1 3 — CO — C3 3 — C3 s 


110 1 (1\ 

11Z.1 (3) 


rc r/: rn ri^ 
C5 — Co — C33 — C34 


iii i (i\ 
113.1 (3) 


ni r£ rii ri/i 
C13 — CO — C33 — C34 


0 ( A \ 

— 00. o (4 J 


rio rn ri/i ric 
C38 — C33 — C34 — C35 


A £ f A\ 

U.o (4) 


CO — C33 — C34 C35 


1 "7G i: 

1 /y.J (3 J 


rn rn ric rii 
C33 — C34 — C35 — C3o 


a a sa\ 
—\).y (4) 


ri/t ric rii rn 
C34 — C35 — C36 — C3 / 


A *7 ( A\ 

0.7 (4) 


rn ric rii r.m 
C34 — C35 — C36 — U3y 


1 *7A £ 

-i /y.o (3) 


Ain rii rn rio 
U3y — C36 — C3 / — C38 


1 OA A /I \ 

— loU.U (3) 


ric rii rn rio 
C35 — C36 — C3 / — C38 


-0.3 (4) 


ri/t rn rio rn 
C34 — C33 — C38 — C3 / 


-0.2 (4) 


r/; rn rio rn 

Co — C33 — C38 — C37 


—179.1 (3) 


C36— C37— C38— C33 


0.1 (5) 


C37— C36— 039— C40 


3.2 (4) 


C35— C36— 039— C40 


-176.4 (3) 


CIO— C9— 041— C42 


-7.8 (4) 


C8— C9— 041— C42 


171.3 (3) 
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